In most species, both sexes may mate with more than one partner during their life. In terrestrial isopods (woodlice) female remating can occur within a reproductive season (immediate remating) or after a period of sexual rest and sperm storage, that is in a subsequent reproductive season (delayed remating). The pattern of sperm precedence is unknown in both cases. These two female remating patterns may shape male-male competition in different ways. To elucidate both patterns of female remating and sperm precedence, we used an albinism mutation in Armadillidium vulgare to track paternity in laboratory experiments. Males had low remating success after immediate remating attempts, mainly because of the female's refractory behaviour. However, refractory behaviour seemed to be lost after female sexual rest: delayed remating attempts were as successful as first mating attempts with virgin females. In both immediate and delayed remating, competing males had similar fertilization success, but varied in sperm precedence. We hypothesize that males might induce the refractory mating behaviour in females to ensure their paternity. This could be a strategy that evolved in woodlice after the loss of precopulatory mate guarding during adaptation to the terrestrial environment. We discuss the consequences of these findings for woodlice optimal mating strategies.
In most species, both sexes may mate with more than one partner during their life. In terrestrial isopods (woodlice) female remating can occur within a reproductive season (immediate remating) or after a period of sexual rest and sperm storage, that is in a subsequent reproductive season (delayed remating). The pattern of sperm precedence is unknown in both cases. These two female remating patterns may shape male-male competition in different ways. To elucidate both patterns of female remating and sperm precedence, we used an albinism mutation in Armadillidium vulgare to track paternity in laboratory experiments. Males had low remating success after immediate remating attempts, mainly because of the female's refractory behaviour. However, refractory behaviour seemed to be lost after female sexual rest: delayed remating attempts were as successful as first mating attempts with virgin females. In both immediate and delayed remating, competing males had similar fertilization success, but varied in sperm precedence. We hypothesize that males might induce the refractory mating behaviour in females to ensure their paternity. This could be a strategy that evolved in woodlice after the loss of precopulatory mate guarding during adaptation to the terrestrial environment. We discuss the consequences of these findings for woodlice optimal mating strategies. Males and females in many species mate with more than one partner during their reproductive cycle. The benefits of multiple mating for females are not fully understood, since a single mating is generally enough for females to ensure their reproduction (Eberhard 1996; Birkhead & Parker 1997; Birkhead & Møller 1998; Brooks & Jennions 1999; Arnqvist & Nilsson 2000) . Genetic benefits, that is benefits that increase offspring fitness and not directly the mother's fitness, have been invoked to explain the evolution of female multiple mating (e.g. Tregenza & Wedell 1998), but are often insufficiently known (Yasui 1998). A meta-analysis suggested that multiple mating is directly advantageous for females in insects since it increases lifetime offspring production (Arnqvist & Nilsson 2000) . This advantage appears to be a balance between increasing fecundity and fertility and decreasing longevity, at least in species without nuptial gifts. Studies on female remating rates also need to take into account the potential gains or losses for males. The benefit that males obtain from multiple mating is obvious, since it allows them to increase their reproductive success by fathering more offspring (Bateman 1948). However, female multiple mating can drive the evolution of sperm competition, and/or the evolution of male-female conflict over mating (Birkhead & Møller 1998) . Males are able to drive females away from their optimal mating rate (Arnqvist & Nilsson 2000) . For example, males can be selected to entice or coerce already mated females to increase their probability of paternity (Clutton-Brock & Parker 1995; Holland & Rice 1998) , or, conversely, to monopolize females and ensure their paternity.
Among the latter strategies, precopulatory mate guarding has frequently been highlighted as a male strategy to monopolize females in crustaceans (Jormalainen 1998). However, Zimmer (2001) noted that mate guarding generally does not occur in terrestrial crustacean species. Mate guarding could have been lost in this group because the cost of this strategy would be higher than the reproductive gain, following the evolution of mating systems during adaptation to the terrestrial environment (Zimmer 2001) . For example, the evolution of sperm storage in terrestrial isopod females, following the appearance of internal fertilization, would have meant that a mate-guarding male could not ensure his exclusive paternity (Zimmer 2001). The loss of mate guarding
